Abstract -Recently multicast routing protocols in Mobile Ad-hoc Networks (MANETs) are emerging for wireless group communication. This includes application such as multipoint data dissemination and multiparty conferencing which made the analytical design and development of the MANETs in a very efficient manner. For MANETs there are several multicast routing protocols are available, but they perform well under specific scenarios only. The topology of a MANET changes adequately based on the random mobility of network nodes, unlike the network topology of a wired network which is static.
I. INTRODUCTION
A mobile ad-hoc network [13] is a wireless network in which nodes can communicate the packets without any pre installed infrastructure. This is most suitable for applications such as military communications, search and rescue operations, and multiparty conferencing. If two nodes want to communicate with each other, but the nodes are not in direct communication range, then the data packets are forwarded through other nodes. Due to the limited radio propagation range of the wireless devices, nodes are most often multi-hopped. That is every node in a mobile ad-hoc network is capable to function as a router which forwards the data packets to the other nodes [16] .
Mobile ad-hoc networks have a dynamic topology due to node mobility, limited channel bandwidth, and limited battery power of nodes. In a typical ad-hoc environment, group-oriented communication is much popular than oneto-one communication. Multicast protocols deployed in static networks do not perform well in ad-hoc networks due to the random node mobility and limited channel bandwidth.
In mobile ad-hoc networks the nodes are not at all static. So the signal strength varies and the network may disconnect at any time during the data transfer. A link that exists at one moment may not exist at the next moment, because the link only exists when a node can receive a sufficiently strong recognizable signal from its neighbor.
The strength of the received signal depends on the following factors: power of the transmitted signal, the antenna gain at the sender and receiver, the distance between the two nodes, the obstacles between them, and the number of different paths the signals travel due to reflection. The each and every node in a multihop mobile ad-hoc network must continuously monitor the radio signals it receives in order to determine the neighbors which composes a localized view of the network topology that uses the routing protocols [3] .
Communication can be classified into three category based on the number of senders and number of receivers in the network [6] . They are unicast communication, broadcast communications and multicast communications. Unicast communications are referred to as a one-to-one communication, Broadcast communications are referred to as one-to-all communication, and Multicast communications are referred to as both one-to-many and many-to-many communication.
A number of MANET multicast routing protocols have been proposed to enable group oriented communication in mobile ad-hoc network environment [4] . The multicast routing protocols are of two types. The first type has to do with maintaining routing states. The second type classifies protocols according to the global data structure used to forward multicast packets.
The routing mechanisms used in the first type are of two types named proactive protocols and reactive protocols. Proactive protocols maintain routing state and reactive protocol reduce the impact of frequent topological changes by acquiring routes on demand.
The multicast routing protocols designed for traditional networks cannot be used in MANETs mainly for the following reasons:
• nodes in ad-hoc networks change frequently • fixed infrastructure does not exist for route computation • restriction in power, converge and bandwidth If these protocols were used in ad-hoc wireless networks, the amount of processing and storage overheads may exceed the limited capabilities of mobile nodes. Due to the rapid change in multi-hop topologies the networking operations in mobile ad-hoc networks have the following issues [1] .
A. Dynamic topologies In mobile ad-hoc networks due to the continuous and random movement of nodes the topology of the network will change rapidly.
B. Group membership
In a mobile network nodes are constantly moving so that it may leave or join at another group.
C. Interoperability Nodes in a multicast ad-hoc network should be able to migrate freely with minimum effort and inconvenience.
D. Mobility
Node mobility may lead to inefficient multicast tree or mesh configurations, loss of packets or incorrect routing.
E. Network resources Excessive propagation of control information in highly mobile networks creates substantial overhead and consumes a considerable amount of resources.
F. Power consumption
It is more, desirable to provide a way to create more long-lived routes that take into account for each nodes power measurements.
G. Quality of Services (QoS)
It specifies the architecture that will enable to use the services that operate better than the current model.
H. Reliability and Security:-Offering reliable delivery of data to a group of fast moving nodes that change their position continuously adds substantial complexity to the already complicated problem of efficient multicasting in ad-hoc networks.
I. Routing Information:-The available state information for routing inherently includes inaccuracies due mainly to user mobility, variable delays or even loss of control packets.
J. Scalability:-It presents more complex problems than in wired or last-hop networks, due to the random movement of nodes and the bandwidth and power limitations.
The rest of the paper is organized as follows. Section 2 describes the MAODV routing protocol. Section 3 proposes the Genetic Algorithm based MAODV approach. The simulation environment is described in section 4. The experimental results are shown in section 5 and conclusion is given in section 6.
II. MULTICAST ROUTING PROTOCOLS
In multicasting a single packet is send to a multicast address to deliver a copy of the packet to each members of that group. Hosts can then choose to join or leave this group at its will, without synchronizing or negotiating with other members of the group. Also a host may belong to more than one group at a time.
Instead of sending through multiple unicast, multicasting minimizes the network parameters like bandwidth consumption, sender and router processing, and delivery delay. It also reduces the communication costs for applications that send the same data to multiple recipients. Multicast routing protocols in mobile ad-hoc networks can be classified into three different approaches as tree based approach, mesh based approach and overlay approach.
The tree based approach has the benefit of high data forwarding efficiency. In highly mobile environments it leads to link broken failures. The mesh based approach has high robustness in comparison with the tree based approach. To maintain the topology it requires more control signals. This increases the network load and control overheads. The overlay approach monitors group dynamics, while the underlying unicast protocol tracks network dynamics, resulting in more stable protocol operation and low control overhead even in a highly dynamic environment [11] .
A. MAODV
Multicast Ad-hoc On demand Distance Vector Protocol (MAODV) [2] , [12] , [15] , and [18] is considered to be an integral part of Ad-hoc On demand Distance Vector Protocol (AODV) which can perform unicasting, broadcasting and multicasting. MAODV is an on-demand tree based protocol, in which nodes those are not members of the group but their position are very critical for forwarding the multicast information.
When a node wishes to send a message, it discovers a route and through which it send that message. If a node wants to join a multicast group or wants to send a message which has no prior route to that group, then that node sends a Route Request (RREQ) message. Likewise if a member node wishes to terminate its group membership, that node has to ask for the termination to the group. Then its membership will be terminated.
Each multicast group has a unique address and a group sequence number. The group member that first constructs the tree is the group leader for that tree, which is responsible for maintaining the group tree by periodically broadcasting Group Hello (GRPH) message.
Each node has three tables namely Unicast Route Table, Multicast Route Table and Group Leader Table. Unicast Route Table has an address of the next hop to which the message is to be forwarded. Multicast Route Table has the address of the next hops for the tree structure of the each multicast group. The Group Leader Table records the current multicast group addresses with its group leader address and the next hop address towards that group leader receives a periodic GRPH message.
Nodes in a tree structure are described as a downstream node or an upstream node. When a node leaves the multicast group, the tree structure needs pruning. When a link breaks, the downstream node is responsible for repairing the breakage. Also the downstream node is responsible to send GPH-U to every downstream node to indicate a new leader and to update the group information into the Multicast Route Table. The increased mobility in MAODV protocol causes frequent link breakages and data packet drops, link outages also generate repair messages, and increasing control overheads. The packet drops can be minimized by deploying an intelligent technique, Genetic Algorithm to the existing MAODV.
III. GENETIC ALGORITHM
There has been a growing interest in biologically inspired algorithms that rest on the principle of evolution. This class of algorithms is designed based on the natural principle of survival of the fittest and is usually referred to as evolutionary algorithms. Due to dynamism and unpredictable nature, a MANET is a challenging environment for software designers. In a mobile ad-hoc network links can go up and down depending on a variety of physical factors such as movement of hosts, terrain, weather, interference, or available battery power. The main steps for a evolutionary computing algorithm is given below. Here P(t) is a population of chromosomes initialized at time t = 0. P(t) evaluates the fitness and the while loop increases the iteration index by one. The algorithm selects a population P(t) from P(t-1) based on the results of fitness evaluation and the iteration is continued until the terminating condition is reached.
Begin
The optimal agent population composition can be derived theoretically and a search based technique should be used to find acceptable suboptimal solutions rather than guaranteed optimal ones. For this a Genetic Algorithm (GA) based search with evaluations can be performed by an on-board network simulator. GA is a general purpose optimization tool based on natural selection. It is a population based approach in which a population of strings, representing solutions to a specified problem. The elements of the populations are encoded into bit strings, called chromosome. This will iteratively create new populations from the old by the selection mechanism and interbreeding the fittest to create new strings, which are closer to the optimum solution [17] .
A spanning tree with undirected graph G=(V,E), V = {v 1 ,v 2 ,v 3 , …….v n } is the vertex set of G, and the E = {e 1 ,e 2 ,e 3 , ……e m } is a finite set of edges representing the connections between these vertices of G. Let W = {w 1 ,w 2 ,w 3 , ………w m } represent the weight or cost of each edge where the weight is restricted to be a positive real number. The minimum spanning tree can be found by sorting all the edge weights in ascending order, selecting one edge at a time join it to the tree unless it creates a cycle.
The subgraph of G can be expressed using a vector x = {x 1 ,x 2 ,x 3 , ……x m } where each element x i can be defined as follows Let T be the set of all spanning tree in graph G, then minimum spanning tree can be formulated as We propose to optimize the routing path, so that it reduces the packet drops. The goal of Genetic Algorithm is to choose the route with the lowest fitness value to be the best chromosome in a population for that generation. The following genetic operators are used in our approach.
A. Representation -A tree must be position indexed before encoded with spanning tree encoding. Figure 1 show two indexed trees where node is represented by a circle with its position index. Initially the weights are assigned randomly. String s is a sequence of the tree's node numbers arranged according to their corresponding position indices, and string 't' is used to encode the tree's topology. t[i] represents the position index of the predecessor of node s[i], t [1] is always set to be 0 because the root node has no predecessor. Figure 2 shows the spanning tree codes for the above trees. Genetic algorithm provide robust and efficient for global optimization search in complex space. C. Crossover -Topology crossover performs conventional one-point crossover on the topology chromosomes of two spanning tree codes to form new topologies while their sequence chromosomes remain unchanged. The right-hand parts to a randomly selected cut-point of two parent chromosomes are exchanged to generate two new chromosomes since the resulting trees are still legal indexed trees. Figure 3 shows the topology crossover for the above spanning tree codes with cut point at 5. Figure 4 shows the tree topology obtained from the spanning tree codes after the topology crossover. The topology crossover changes the tree structure drastically and gives genetic algorithm the ability of global search [5] .
Fi.e 3 Topology Crossover Fig. 4 Trees after topology Crossover D. Mutation-Mutation is a genetic operator used to maintain genetic diversity from one generation of a population of chromosome to the next. A common method of implementing the mutation operator involves generating a random variable for each bit in a sequence. This random variable tells whether or not a particular bit will be modified.
Node mutation and Edge mutation are the two kinds of mutation operations. The purpose of mutation is to make small changes to individuals that prevent the entire generation. When a mutation occurs, a vertex is randomly selected on the tree and a new tree is grown there. Edge mutation is to cut down a randomly selected sub tree and then grafts it to a randomly selected node in the remaining tree to form a new tree [4] . This paper deployed with Node mutation, in which crossover operation produces illegal offspring on permutation representation in the sense that some nodes may lose while some nodes may duplicate in the offspring. The problem is encoded into a set of strings and each string represents a solution and is assigned a fitness value [19] .
The population in genetic algorithm is initialized by randomly giving each gene a random number between 1 and n, the number of nodes. The algorithm terminates if the number of passes crosses a given threshold or the average fitness of chromosomes in each iteration exceeds a threshold. Finally the obtained structure is an optimized route by which the packet drops are less.
IV. SIMULATION SCENARIO
The goal of our simulation is to analyze the behavior of the MAODV by deploying GA. The simulation environment is created in NS-2, a network simulator that provides support for simulating multihop wireless networks. NS-2 was written using C++ language and it uses the Object Oriented Tool Command Language (OTCL). It came as an extension of Tool Command Language (TCL). The simulations were carried out using a MANET environment consisting of 50 wireless mobile nodes roaming over a simulation area of 1000 meters x 1000 meters flat space operating for 900 seconds of simulation time.
The radio and IEEE 802.11 MAC layer models were used. Nodes in our simulation move according to Random Waypoint mobility model, which is in random direction with maximum speed from 0 m/s to 20 m/s. A free space propagation channel is assumed for the simulation. Group scenario files determine which nodes are receivers or sources and when the join or leave a group. A multicast member node joins the multicast group at the beginning of the simulation and remains as a member throughout the whole simulation.
Hence, the simulation experiments do not account for the overhead produced when a multicast members leaves a group. Multicast sources start and stop sending packets; each packet has a constant size of 512 bytes. Each data point represents an average of at least five runs with identical traffic models, but different randomly generated mobility scenarios. For fairness, identical mobility and traffic scenarios are used across the compared protocols. Only one multicast group was used for all the experiments.
Each mobile node in the network starts its journey from a random location to a random destination with a randomly chosen speed. Once the destination is reached, another random destination is targeted after a pause by the mobile node. Once the node reaches the boundary area mentioned in the network, it chooses a period of time to remain stationary.
After the end of this pause time, the node chooses a new direction, this time between 0 an 180 degrees, adjusted relative to the wall of the area on which the node is located. This process repeats throughout the simulation, causing continuous changes in the topology of the underlying network. By varying the pause time, the elative speeds of the mobiles are affected. In our experiments the pause time was always set to zero to create a harsher mobility environment.
V. EXPEIMENTAL RESULTS
The following metrics were used in comparing the protocol performances. The metric were derived from ones suggested by the IETF MANET working group for routing and multicast protocol evaluation [8] .
A. Packet Delivery Ratio
Performance of the Protocols on Mobility Packet Delivery Ratio is defined as the number of multicast data packets delivered to all multicast receivers and the number of multicast data packets supposed to be delivered to multicast receivers. This ratio represents the routing effectiveness of the multicast protocol. Figure 5 shows the performance analysis of packet delivery ratio for the MAODV protocol with and without GA.
Again different analysis has been performed with a constant mobility of 2 m/s, and different number of senders and receivers. Figure 6 
VI. CONCLUSION
In this paper, we present a GA-based MAODV model to support the multicast routing optimization algorithm in mobile ad-hoc networks. The simulation results demonstrate that the proposed approach and parameters provide an accurate and efficient method in realistic scenarios. Finally we suggest that in future multicast protocol evaluations need to be more comprehensive. Evaluations should consider a range of realistic mobility models and should include special cases, such as high density and high traffic rates.
